The possible causes of postoperative brain damage were examined in 100 cases of cerebral aneurysms operated on by the pterional approach. Postoperative brain damage occurred in 15% of cases, located mostly in the inferior frontal lobe. Its incidence was higher in early than in delayed operation and increased with severity of preoperative clinical conditions but not correlated with patient age and aneurysm location. The venous perfusion patterns in the inferior frontal lobe were classified into three types based on preoperative venograms: Sylvian type drained mainly into the superficial Sylvian veins (SSVs), Frontal type drained mainly into the frontal bridging veins, and Intermediate type. Postoperative brain damage was most frequent in the Sylvian type with statistical significance (p &lt; 0.01). The brain retraction procedure impairs regional cerebral blood flow (rCBF). Venous conges tion in the retracted inferior frontal lobe, caused by stretching and narrowing of SSVs due to both brain retraction and dissection of the Sylvian fissure, also reduces rCBF. Thus, a marked reduction in rCBF in the retracted area causes postoperative brain damage. Postoperative venograms showed the SSVs to be obscured in 24% of patients, indicating that the pterional approach possibly influ ences the SSV perfusion. A venous perfusion disorder during the pterional approach is the most important factor in postoperative brain damage, and careful preoperative assessment of cerebral veins is indispensable.
Introduction
The pterional approach is the most effective surgical procedure for the cerebral aneurysms located on the circle of Willis.131 However, postoperative brain damage, also called postoperative cerebral swelling and retraction hematoma,",12) is occasionally associ ated with the pterional approach. Postoperative brain damage has great dangers for patients suffering from subarachnoid hemorrhage (SAH).12) Brain retraction and regional cerebral blood flow (rCBF) are related to brain damage during intracranial surgery, clinically and experimentally. 3,5,7,9,14) A mark ed reduction in rCBF due to brain retraction must cause operative cerebral venograms unsuitable for assess ment of the perfusion patterns of the cerebral veins were excluded. Ninety-five patients had a ruptured aneurysm, the other five were unruptured. The incidence and location of postoperative brain damage were examined. In this study, postoperative brain damage means cerebral swelling and/or in tracerebral hemorrhage in the frontal or temporal lobe on the operated side, demonstrated by com puted tomography (CT) after surgery (Fig. 1) .
The following possible correlations were studied: 1) timing of surgery, divided into three groups: early operation within 72 hours of SAH onset, delayed operation over 72 hours, and unruptured aneurysms; 2) location of aneurysm: 30 internal carotid artery Results Postoperative brain damage occurred in 15 of the 100 (15%) patients. The locations were 12 in the in ferior frontal lobe, two in the extensive frontal lobe, and one in the temporal lobe. The incidence was higher in the early than in the delayed group (Table  2) . Two patients with unruptured aneurysm com plicated by other cerebrovascular incident also demonstrated such brain damage. In 78 early group patients, the incidence increased with more severe preoperative clinical conditions ( Fig. 2) . However, these correlations were not statistically significant. Patient age and aneurysm location were not cor related with the incidence (Table 2) . Venous perfusion patterns in the inferior frontal lobe on the operated side were classified into three types based on the preoperative lateral venograms (Fig. 3 ) because most postoperative brain damage oc curred in this region. The Sylvian type drained mainly into the superficial Sylvian veins (SSVs), the Frontal type drained mainly into the frontal bridging veins, and the Intermediate type drained evenly into both sets of veins. Postoperative brain damage occur red in 50% of patients with the Sylvian type, 10% with the Frontal type, and 11 % with the In termediate type. The correlation between postoperative brain damage and the Sylvian type venous perfusion was statistically significant (p < 0.01) ( Table 3) .
Postoperative venograms in six of 25 (24%) pa tients demonstrated SSVs obscured or narrowed com pared to the preoperative condition, though the main trunks of the SSV were not sacrificed during the surgical procedure. (Fig. 4 left) . A preoperative left carotid venogram showed venous perfusion of the Sylvian type (Fig. 5 left) . Neck clipping was suc cessful by the left pterional approach and SSVs were not sacrificed during the surgical procedure.
She awoke immediately after the operation and showed no neurological deficits. A CT scan disclosed a small intracerebral hematoma and SAH (Fig. 4  center) . Two hours later, she became drowsy with right hemiparesis and aphasia. A repeat CT scan demonstrated a large hemorrhagic infarction in the left frontal lobe and an intra-Sylvian hematoma (Fig. 4 right) . She underwent external decompressive craniotomy immediately. On the 20th postoperative day, left carotid angiograms showed the clipped aneurysmal neck and disappearance of the left SSVs (Fig. 5 right) . Her neurological condition grad ually improved and she returned to domestic life without major neurological deficits 4 months later. been preserved during the operation, this postop erative venous hemorrhagic infarction was related to the perfusion disorder caused by stretching and narrowing of the SSVs by both brain retraction and dissection of the Sylvian fissure (Fig. 6) . Clearly, such a mechanism appears most frequently in the Sylvian type. We emphasize that venous perfusion disorders can occur without surgical sacrifice of the veins.
Discussion
Reduced rCBF in the retracted area, commonly the inferior frontal lobe in the pterional approach, is a major cause of postoperative brain damage.') The brain retraction itself impairs the rCBF in the retracted area. Moreover, venous congestion in the retracted inferior frontal lobe, which may easily oc cur in the Sylvian type, drastically reduces the rCBF. In this study, postoperative brain damage occurred in 50% of Sylvian type cases. This result also sug gests that a massive venous hemorrhagic infarction and a small retraction hematoma related to the venous perfusion disorder occurred. Kanno et al.5) and Kasama and Kanno') found clinically and ex perimentally that the marked reduction in rCBF and the subcortical hematoma following the in terhemispheric approach occurred mostly when the draining veins were divided and retraction was ap plied in this area. Postoperative venograms showed the SSV to be obscured at a ratio of 24%. This shows that the pterional approach can influence the perfu sion of the SSVs.
For ACoA aneurysms, the location of the aneurysmal neck, the direction of the dome, and the side of the dominant A, segment of the anterior cerebral artery are important factors in deciding the approach. In addition, we consider that the venous perfusion pattern of the inferior frontal lobe is also very important. 
